The Minneapolis Children's Blood Pressure Study 
T O examine environmental and familial correlates of childhood blood pressure (BP), a survey of elementary school children from the Minneapolis Public School System was conducted in 1978. The cross-sectional data relating BP distribution, age, race, sex, body size, and pulse rate are presented here. The aim is to report determinants of young school children's BP and to consider problems of establishing standard tables of normal BP for children.
Methods
The population, response rates, and measurement methods are described in detail in Part 1 (see previous article). 1 Briefly, 9977 (> 99% response) black and white children 6 through 9 years of age were surveyedT his report will consider the variables listed below and in table 1. Supine BP was measured in the right arm after 5 minutes rest with a random-zero mercury sphygmomanometer. One of four cuff bladder sizes was selected based on arm circumference. The averages of two successive readings of systolic blood pressure (SBP), fourth phase diastolic (DBP 4 ), and fifth phase diastolic (DBP«) are used for the present analyses.
Statistical Methods
Independent variables used in the multiple regression analyses included age, race, sex, weight, height, body mass index (BMI, kg/m s ), ponderosity index (PI, Log [kg/m 3 ]), history of current medication, room temperature, time of day (a.m., p.m.), resting pulse rate, month of observation, right arm length, right arm inner length, right arm circumference, cuff size, triceps skinfold thickness, and right wrist circumference. The best model for explaining the variability of observer-adjusted 1 BP was examined by stepwise multiple linear regression, including and excluding highly correlated variables, and by examining competing sets of variables. For all multiple regressions a basic set of personal and environmental factors was included in each analysis. This "basic set" included sex, race, room temperature, time of day, resting pulse rate, and month of measurement. A / value of greater than 1.96 represents the conventional level of statistical significance, i.e., p = 0.05. Because of the large data set available, the biological importance of small but significant effects requires interpretation.
Results
Multiple regression of the "basic set" of variables alone gave a multiple R of 0.20 for SBP and 0.15 for DBP 4 . Addition of weight alone increased the multiple R for SBP to 0.44, the BMI alone increased the multiple R for SBP to 0.38, whereas the PI increased the multiple R to only 0.28. The BMI was more highly correlated with other indicators of body composition than was PI: triceps skinfold thickness (r of 0.64 vs 0.52), right arm circumference (r of 0.87 vs 0.65), and right wrist circumference (r of 0.77 vs 0.55). The PI was inversely correlated with height (r of -0.143). The BMI was correlated with height (0.331) but much less so than with weight (0.768).
Four pairs of variables (height and BMI, height and PI, weight and age, or weight and BMI) each gave a multiple R value of 0.44 for SBP when added to the basic set. Height and BMI was chosen for the final optimal set, shown in table 1, because the members of this pair were least intercorrelated. An equivalent choice for SBP prediction in terms of multiple R would be weight alone (not shown) plus the basic set. Height and BMI with the basic set gave a multiple R of 0.289 for DBP 4 . Weight with the basic set gave a multiple R of 0.286. Thus, about 20% (multiple R 2 ) of the variability of SBP and 8% (multiple R 1 ) of the DBP 4 are explained by these factors. Neither age, triceps skinfold thickness, any of the other arm measurements, nor cuff size added to the multiple R for SBP or DBP 4 more than 0.002; that is, less than 0.0004% of the variability is explained by these variables, once height and BMI were taken into account.
Height was directly related to BP with both SBP and DBP 4 increasing by more than 2 mm Hg for each 10 cm increase in height. The mean and standard deviations for SBP, DBP 4 , and DBP B by 1 cm increments in height are displayed in tables 2 and 3.
Triceps skinfold thickness contributed negligibly to estimates of BP when height and BMI adjustments were made in multiple linear regression analyses. Because of results of other studies that have examined the relationship of triceps skinfold thickness to BP," further analysis was done. Mean SBP and DBP 4 values for each approximate quintile of BMI and triceps skinfold thickness were examined separately for boys and girls. There was no trend in BP with increasing triceps skinfold thickness for any of the lower 4 quintiles of BMI. In both sexes, however, SBP and DBP 4 increased in the highest quintile of BMI as the triceps skinfold thickness increased. Similar analyses done for BP by quintiles of BMI and age gave similar results with little or no trend in BP in the lower quintiles of BMI with increasing age, but a marked positive trend for increasing BP with increasing age in the top quintile of BMI. Boys and girls had statistically significant, but very small and inconsistent, differences in BP. After adjusting for the multiple significant variables, the girls' SBP was 0.5 mm Hg lower than boys', their DBP 4 was 0.9 mm Hg higher, and DBPB was 0.6 mm Hg lower. Black and white children had statistically significant but small and inconsistent BP differences after adjustment of other variables. The SBP was 0.75 mm lower in the black children, DBP 4 was 1.45 mm Hg higher, and DBP 6 was 0.6 mm Hg lower.
The pulse rate was significantly and independently associated with increases in both SBP and DBP 4 . For an increase in 10 beats/min, the SBP rose by 1.4 mm Hg and the DBP 4 by 0.68 mm Hg.
Discussion
In more than 9000 children aged 6 to 9 years, SBP and DBP 4 were found to be unrelated to age when adjustment was made for height and/or BMI -an indicator of body density largely independent of height. This is in agreement with the findings of Voors et al. 1 who selected PI rather than BMI. Keys et al.' compared these body size indicators empirically in adults and found BMI to be better than PI as an indicator of body density independent of height. They also observed, as we did, that PI was inversely related to height. Other investigators have also suggested these indices for possible study of BP in children. 4 Whyte's observation 5 that the bigger and heavier a man, the higher his BP, was confirmed for children in this study. However, Whyte also concluded that "the composition of the excess weight is immaterial: it is the overall bulk that counts, be it muscle or fat." Such does not seem to be true in the children studied here, because the BP of children in the highest quintile of BMI increases with increasing triceps skinfold thickness. This may indicate that above a certain threshold of body mass, the composition of the body has a significant effect on BP and that increasing adiposity is more important than increasing muscle mass in obese children. Obese children are certainly more likely to be hypertensive than lean children." The increase in BMI with age in adults is mostly due to increase in adiposity and is significantly and positively associated with an increased blood pressure. 7 Voors et al.
2 found a significant small negative effect of triceps skinfold thickness on BP that might be explained by including in the same analysis the highly correlated PI. Differences in BP between sexes were small, with SBP being slightly lower and DBP 4 being slightly higher in girls than boys after adjusting for other variables. Black children had minimally lower SBP (0.75 mm Hg) and slightly higher DBP 4 (1.45 mm Hg) than white children, after adjusting for other variables. The Bogalusa Heart Study reported slightly higher SBP (1.17 mm Hg) in boys and no sex difference in DBP 4 after adjusting for height, PI, age, and other variables, in a biracial population aged 5-14 years. Black children had slightly higher adjusted DBP 4 (0.86 mm Hg) and no difference in SBP compared to whites.* The combined effects of height, BMI, and selected personal and environmental factors accounted for only 20% of the variability of SBP and 8% of DBP 4 . This is in contrast to corresponding values of 39% and 31% found by Voors et al.
a using height, PI, and triceps skinfold thickness among 3524 children aged 5-14 years. The differences in results from our present study may be due to use of a different BP measuring technique and/or to the narrower age range of our children. Most of the variability in BP is not accounted for by age, race, sex, or body size in either study.
Faber and James 9 in 1921, when addressing the problem of setting normal BP standards, wryly commented: "It is noteworthy that no two clinicians can be found to agree on the exact limits." This situation has changed somewhat since a Task Force of the National Heart, Lung and Blood Institute made recommendations in 1977.
10 However, the combined results of two studies presented there give tables of BP by age rather than body size. Additionally, the mean values by age group for the two studies differ markedly from each other. Recent reviews that have compared age-standardized BP in children have shown wide variation from the Task Force tables.
11
' " From the results of our present study and in accordance with Voors et al., 11 it seems advisable to relate children's BP to body size in addition to age. This might be particularly important in "tracking studies" that examine the rank order of the BP of individuals in a cohort over time.
What body size measure should be used? Weight is clearly not the appropriate parameter because it would obscure the need to manage obese children. By use of height, any child found to have BP beyond the 95th percentile could be immediately checked to see if obesity is a problem. Height-weight charts or skinfold measurements should be used in questionable cases. Percentiles of triceps skinfold thickness for more than 40,000 infants, children, adolescents, and adults have also been published by a committee that reviewed the Ten-State Nutrition Survey of 1968-70."
Which data should be used in setting normal standards for children? The Task Force 10 recommendation included the warning that "rapid accumulation of new data, requiring revision of this report in the very near future, is anticipated." Although the present data and other studies published since that statement do not answer the question fully, the findings of our current study have important implications for setting normal standards for children's BP. Clearly, age alone is inadequate to gauge whether a child's BP is high or low. The current data indicate that tables of BP by height (tables 2 and 3) arc the most suitable norms for children 6 through 9 years of age.
